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The central CuN 2 0 4 motif of the title compound, 
[Cu(aO 4 ) 2 (C 10 H 8 N 2 )(H 2 O) 2 ], exhibits a Jahn-Teller-distorted 
octahedral geometry around the metal atom, showing a 
considerably long Cu— O bond distance of 2.5058 (12) A 
towards the second perchlorate group, giving a (4 + l+l)-type 
coordination mode. In the crystal, the components are linked 
via intermolecular O— H- ■ O hydrogen bonds, forming layers 
parallel to (001). Additional stabilization within these layers is 
provided by it-it [centroid-centroid distances of 3.7848 (9)- 
4.4231 (9) A] stacking interactions. 

Related literature 

For applications of related compounds, see: Kurzak et at 
(1999). For the coordination spheres of copper in related 
compounds, see: Hathaway (1973). For hydrogen-bond motifs, 
see: Bernstein et at (1995); Etter et at (1990). 
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Experimental 

Crystal data 

[Cu(C10 4 ) 2 (CioH 8 N 2 )(H 2 0) 2 



M r = 454.67 



Monoclinic, P2^/n 
a = 7.1378 (4) A 
b = 12.7853 (7) A 
c = 16.8033 (11) A 
P = 92.025 (6)° 
V = 1532.49 (16) A 3 

Data collection 

Oxford Diffraction Xcalibur 
Sapphire2 diffractometer 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford 
Diffraction, 2008) 

r mi „ = 0.580, r m „ = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.030 

wR(F 2 ) = 0.080 

S = 1.05 

5135 reflections 

238 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
ii = 1.83 mm -1 
T = 296 K 

0.13 x 0.07 x 0.05 mm 



16487 measured reflections 
5135 independent reflections 
4239 reflections with / > 2o(I) 
Ri„, = 0.034 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.42 e A~ 3 

A,o m i„ = -0.63 e A~ 3 
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0.72 (2) 


2.04 (2) 


2.7078 (17) 


155 (3) 
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•03" 


0.88 (2) 


1.89 (2) 


2.7665 (17) 


177.3 (18) 


02W- 


H3W- 


•03™ 


0.76 (2) 


2.13 (2) 


2.8802 (18) 


169 (2) 


02W- 


H4W- 


■04 


0.78 (2) 


2.37 (2) 


2.9518 (19) 


133 (2) 


02W- 


H4W- 


■07 iv 


0.78 (2) 


2.26 (3) 


2.8349 (18) 


132 (2) 



Symmetry codes: 
-x + 2,-y + !,->< 



(i) 



■l,y,z; (ii) — x+ 1, — y + 1, — z; (iii) x + l,y,z; (iv) 



t Current address: Departement Sciences de la Matiere, Faculte des Sciences 
Exactes et Sciences de la Nature et de la Vie, Universite Larbi Ben M'hidi, 
Oum El Bouaghi 04000, Algeria. 



Data collection: CrysAlis CCD (Oxford Diffraction, 2008); cell 
refinement: CrysAlis CCD; data reduction: CrysAlis CCD 
program(s) used to solve structure: SIR2002 (Burla et ai, 2003) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) and 
DIAMOND (Brandenburg & Berndt, 2001); software used to 
prepare material for publication: WinGX (Farrugia, 1999). 
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CHEMS, Universite Mentouri-Constantine, Algeria and the 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BQ2292). 
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Diaqua(2,2'-bipyridine-/c 2 A^^V)bis(perchlorato-ft:0)copper(II) 

M. Damous, M. Hamlaoui, S. Bouacida, H. Merazig and J.-C. Daran 

Comment 

Copper(II) complexes containing O, N-donor atoms are very important owing to their significant catalytic activity in the 
preparative oxygenation of phenols and other substances, and their significant antibacterial and anticancer activity (Kurzak 
etal, 1999). 

The asymmetric unit of (I), and the atomic numbering used, is illustrated in Fig. 1. The Cu 11 atom is located in a Jahn- 
Teller distorted octahedral coordination environment with two N atoms from one 2,2'-bipyridine ligand (Nl, N2) {d(Cu — N) 
= 1.9723 (1 3)— 1 .9805 (12) A) and two O atoms from two water molecular adopting a planar arrangement (d(Cu — O) = 
1.9621 (12)-1.9719 (12) A). The Cu(II) center is displaced out of the N 2 0 2 plane by 0.028 (2)A in the direction of one of 
perchlorate ligand with d(Cu — 09) = 2.3287 (12) A. The O atom of the second perchlorate group occupies a sixth coordin- 
ation site at a longer distance of 2.5058 (12) A, completing the overall (4+1 + 1) type coordination. 09 is situated slightly 
off the axial direct of the square pyramid, nevertheless it is close enough to the Cu atom (Hathaway, 1973). The bipyridine 
rings of the 2,2'-bipyridine ligand are twisted relative to each other at 2.2 (8)°. 

The crystal structure can be described as alternating layers of polyhedral (CIO4 tetrahedrals and CUN2O4 octahedrals) 
perpendicular to c axis (Fig. 2). 

The crystal packing in (I) is governed by classical hydrogen bond,v/z. water molecules and perchlorate (Table 1, Fig. 
3). All water H atoms are involved in these hydrogen bonds In the crystal, the components of the structure are linked via 
intermolecular O — H - 0 hydrogen bonds to form a two-dimensional layers parallel to (001) plane (Fig. 3). Additional 
stabilization within these layers is provided by ji-ji [3.7848 (9)A to 4.4231 (9) A] stacking interactions. These interaction 
bonds link the molecules within the layers and also link the layers together and reinforcing the cohesion of the structure. 

The combination of these hydrogen bonds generates an alternating centrosymmetric rings in two-dimensional network 
which can be described by the graph-set motif 12) and R^{\6) (Bernstein et al. 1995; Etter et ai, 1990). 

Experimental 

The title compound was prepared by adding a methanol solution (10 ml) of copper (II) acetate monohydrate (0.1 mmol) 
to a methanol solution (10 ml) of 2,2'-bipyridine (0.1 mmol) and (1 ml) the perchloric acid. The mixture was stirred for 
about 2 h at 323 K and filtered. The filtrate was slowly evaporated at room temperature to yield blue crystals of (I) suitable 
for X-ray analysis. 
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Refinement 

H atoms of water molecule were located in difference Fourier maps and refined isotropically using restraints U[ S0 (H) = 
1.5(7 e q(0). The remaining H atoms were localized on Fourier maps but introduced in calculated positions and treated as 
riding on their parent atoms (C ar yl) with C ary i — H ary r=0.93A and ^iso(Haryl) = 1.2t/eq(Caiyl)- 
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Fig. 1. (Farrugia, 1997) The asymmetric unit of the title compound with the atomic labeling 
scheme. Displacements are drawn at the 50% probability level. 



Fig. 2. (Brandenburg & Berndt, 2001) A diagram of the layered crystal packing in (I), viewed 
down the b axis, showing layers parallel to (001) with alterning polyhedrals (CIO4 and 
CuN 2 0 4 ). 



Fig. 3 . (Brandenburg & Berndt, 200 1 ) A part of crystal packing of (I) showing hydrogen bond 
connections in the same layer as dashed line. 



Diaqua(2,2'-bipyridine-K N,iV)bis(perchlorato- KO)copper(ll) 



Crystal data 

[Cu(C104)2(CioH 8 N 2 )(H 2 0)2] 

M r = 454.67 

Monoclinic, P2\ln 

a = 7.1378 (4) A 

b= 12.7853 (7) A 

c = 16.8033 (11) A 

(3 = 92.025 (6)° 

V= 1532.49 (16) A 3 

Z=4 



J F(000) = 916 

D x = 1.971 MgnT 3 

Mo Ka radiation, X = 0.7107 A 

Cell parameters from 9763 reflections 

6 = 3.0-32.3° 

|i = 1.83 mm 1 

7=296K 

Needle, blue 

0.13 x 0.07 x 0.05 mm 
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Data collection 



Oxford Diffraction Xcalibur Sapphire2 
diffractometer 

Radiation source: Enhance (Mo) X-ray Source 
graphite 

Detector resolution: 8.2632 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2008) 

T min = 0.580, T max = 1.000 

16487 measured reflections 



5135 independent reflections 

4239 reflections with / > 2a(I) 
R mt = 0.034 

Qmax ~~ 32.3 , 6 m j n ~~ 3.1 

£ = -10^6 
£ = -19^19 
/= -25^25 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.030 

wR{F 2 ) = 0.080 

S= 1.05 

5135 reflections 
238 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F 0 2 ) + (0.0469P) 2 ] 
where F = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.001 
Ap ma x = 0.42eA" 3 
Apmin = -0.63 e A~ 3 



Special details 

Experimental. CrysAlis RED, Oxford Diffraction Ltd. (Empirical absorption correction using spherical harmonics, implemented in 
SCALE3 ABSPACK scaling algorithm). 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z £/iso*/£4 q 

CI 0.8677 (2) 0.16080 (13) 0.14228 (10) 0.0255 (3) 

HI 0.8893 0.2282 0.1613 0.031* 
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Hydrogen-bond geometry (A, °) 
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Symmetry codes: (i) x-l,y, z; (ii) 


-x+l, -y+l, -z; (iii) x+\,y, z; (iv) 


-x+2, -y+l, -z. 
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